The timing of human entrance into North America has been a topic of debate that dates back to the late 19th century. Central to the modern discussion is not whether late Pleistocene-age populations were present on the continent, but the timing of their arrival. Key to the debate is the age of tools-bone rods, large prismatic stone blades, and bifacially chipped and fluted stone weapon tips-often found associated with the remains of late Pleistocene fauna.
Introduction
The exact timing of the colonization of North America is open to question (see below), but what is not in question is the point of origin of the early colonists. Despite a few claims to the contrary, including one that envisions the colonization of North America by Upper Paleolithic people from western Europe some 20,000-24,000 years ago [1] , overwhelming archaeological and archaeogenetic evidence [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] indicates that humans moved eastward across the Bering Land Bridge, or Beringia, during the Late Glacial Maximum and made their way either south along or near the coast [17] [18] [19] [20] and/or through a corridor that ran between the Cordilleran and Laurentide ice sheets that covered the northern half of the continent [21] [22] [23] [24] [25] . Both scenarios remain equally viable [24] , despite claims to the contrary [17] .
With respect to timing, colonizing populations could have entered North America before 16,000 years ago, but the earliest unequivocal and widespread human occupation of the continent dates to around 13,400 years ago [25] , the visible manifestation of which is a tool kit referred to as the "Clovis techno-complex" [26] . The dispersal of that techno-complex is exceptional in human-migration research because it occurred over such a short time (see below), which means that, as researchers, we benefit from a temporal resolution not usually available for other instances of colonization [27] . The dispersal of Clovis also allows us to examine at a fine scale how colonization processes can play out across a vast extent of space that at the time had at best a very small resident population. To set the stage for the other papers in this special issue of Quaternary, I focus on the origin and spread of that across a vast extent of space that at the time had at best a very small resident population. To set the stage for the other papers in this special issue of Quaternary, I focus on the origin and spread of that complex, together with the various modes involved in its transmission. Along the way, I examine how various evolutionary processes and mechanisms helped shape what we see in the Clovis archaeological record. Excellent summaries of Clovis lifeways and numerous related topics not included here can be found in [28] [29] [30] [31] [32] [33] [34] [35] .
The Clovis Techno-Complex
The Clovis techno-complex is marked by a number of distinctive tool types, including bone and ivory rods [36] , large prismatic stone blades [26] , and bifacially chipped and fluted stone weapon tips, referred to as "Clovis points" [26, [37] [38] [39] [40] . Because of significant regional variation in the toolkit, Eren and Buchanan [41] , (p. 1) make the excellent point that what archaeologists refer to as "Clovis technology" is better thought of as a shorthand reference to "a fuzzy set of human-tool interactions found across North and Central America during the terminal Pleistocene."
Prehistoric projectile-weapon systems were made from a variety of raw materials, including wood, resins, bone, and fibers, but these materials do not preserve well, and as a result, archaeologists focus on the component that does survive, the flaked-stone projectile point [42] . Clovis points were made from several cryptocrystalline stone types, such as chert, quartzite, and obsidian. They were bifacially flaked (flaked on both sides) and are lanceolate in form. They have parallel to slightly convex sides and concave bases and exhibit a series of flake-removal scars-"flutes"-on one or both faces that extend from the base to about a third of the way to the tip ( Figure 1 ). After fluted points were first recognized archaeologically, it was proposed that fluting enhanced bloodletting of a wounded animal [43] , although the flute would have been largely covered by the hafting (e.g., sinew) [44] . Similarly, it was proposed that fluting enhanced hafting a point into a split shaft [45] . Experimentation suggests, however, that the thinner base that results from fluting acts as a "shock absorber" that increases point robustness and the ability to withstand physical stress through stress redistribution and damage relocation [46, 47] . Microwear analysis shows that at least some Clovis points were used to tip spears that were thrust and/or thrown [48] . Exceedingly large specimens could have functioned as saws, which were held in place by bone or ivory rods acting as levers to tighten sinew lashings [49] . The basal edges of Clovis points, where they were attached to socketed foreshafts or lashed to handles or spears, were ground dull. It has long been presumed that the grinding was done to prevent cutting of the lashings that bind the points in place [40, 45] , but recent experimental work has shown that there is virtually no damage to lashings, regardless of whether a point has ground or sharp edges [42] .
The antiquity of these iconic points was first documented in the American Southwest at Blackwater Draw, New Mexico [50, 51] , where they were found in association with the remains of extinct animals, such as mammoths, camelids, sloths, and large bison, that were known to be Pleistocene in age. This discovery, alongside one made a few years earlier near Folsom, New Mexico [52] , laid to rest a long-standing debate in archaeology over the presence of glacial-age humans in North America [53, 54] . Since those early discoveries, Clovis points have been found throughout the contiguous United States, Alaska, southern Canada, and northern Mexico [16, 30, 40, [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] .
Although not a settled issue, Clovis points appear to have originated in the American Southwest or perhaps Texas [33, [65] [66] [67] [68] and spread north and east from there. In eastern North America, with a few exceptions, the earliest dates from archaeological sites that have produced large numbers of fluted points consistently fall later in time than the earliest fluted points in the West [69] [70] [71] [72] [73] [74] [75] . To simplify a rather complex chronology, we can assign a range of 13,400-12,800 years ago for Clovis in the western half of the continent, after which Clovis points were replaced by Folsom points. Although similar to Clovis points, Folsom points are smaller, have longer and deeper flutes, and were made using only biface reduction instead of both biface and flake reduction [37, 40, 76, 77] (Figure 2 ). Folsom points date to ca. 12,800-11,900 years ago and have little chronological overlap with Clovis. The earliest Folsom points occur in the Northern Plains and the younger ones in the Southern Plains and eastward toward the Mississippi River [59, [78] [79] [80] [81] [82] . Microwear analysis shows that at least some Clovis points were used to tip spears that were thrust and/or thrown [48] . Exceedingly large specimens could have functioned as saws, which were held in place by bone or ivory rods acting as levers to tighten sinew lashings [49] . The basal edges of Clovis points, where they were attached to socketed foreshafts or lashed to handles or spears, were ground dull. It has long been presumed that the grinding was done to prevent cutting of the lashings that bind the points in place [40, 45] , but recent experimental work has shown that there is virtually no damage to lashings, regardless of whether a point has ground or sharp edges [42] .
Although not a settled issue, Clovis points appear to have originated in the American Southwest or perhaps Texas [33, [65] [66] [67] [68] and spread north and east from there. In eastern North America, with a few exceptions, the earliest dates from archaeological sites that have produced large numbers of fluted points consistently fall later in time than the earliest fluted points in the West [69] [70] [71] [72] [73] [74] [75] . To simplify a rather complex chronology, we can assign a range of 13,400-12,800 years ago for Clovis in the western half of the continent, after which Clovis points were replaced by Folsom points. Although similar to Clovis points, Folsom points are smaller, have longer and deeper flutes, and were made using only biface reduction instead of both biface and flake reduction [37, 40, 76, 77] (Figure 2 ). Folsom points date to ca. 12,800-11,900 years ago and have little chronological overlap with Clovis. The earliest Folsom points occur in the Northern Plains and the younger ones in the Southern Plains and eastward toward the Mississippi River [59, [78] [79] [80] [81] [82] . The transition from Clovis to Folsom was a significant event in the prehistory of western North America, driven, at least in part, by population expansion, perhaps in response to climate-driven environmental change. The transition involved shifts in hunting practices and land use, with available evidence suggesting that in contrast to Clovis hunters, who exploited a wide range of game, including mammoth, mastodon, bison, and caribou [83] [84] [85] [86] [87] , Folsom hunters specialized in hunting bison [88] [89] [90] [91] [92] [93] [94] [95] . This difference may have resulted from the extinction of the majority of North American megafaunal species at the end of the Pleistocene [34, 96, 97] . Folsom toolkits were more diverse than their Clovis counterparts, commonly including large numbers of formal end scrapers [98] and occasionally ultrathin bifaces [99, 100] .
The chronological issue is even more complicated in the East as a result of the way the term "Clovis point" is defined [16, 64, [101] [102] [103] [104] . As opposed to in the West, there are a number of fluted forms in the East that some researchers identify as Clovis and others that they place in types such as Gainey or Bull Brook ( Figure 3) . As a group, the points date ca. 12,800-12,200 years ago, decidedly later than in the West [105, 106] , which is not unreasonable, given that fluting apparently began in the West and moved eastward (but see [107] ), either through the movement of populations or through down-the-line transmission among established populations (see Section 5) . Those eastern forms were followed by other fluted forms [69, 75, [107] [108] [109] [110] [111] [112] [113] [114] [115] [116] [117] [118] [119] (Figure 3 ) that persisted up to 12,000-11,800 years ago, placing them in the same chronological range as Folsom [105, 106] . The transition from Clovis to Folsom was a significant event in the prehistory of western North America, driven, at least in part, by population expansion, perhaps in response to climate-driven environmental change. The transition involved shifts in hunting practices and land use, with available evidence suggesting that in contrast to Clovis hunters, who exploited a wide range of game, including mammoth, mastodon, bison, and caribou [83] [84] [85] [86] [87] , Folsom hunters specialized in hunting bison [88] [89] [90] [91] [92] [93] [94] [95] . This difference may have resulted from the extinction of the majority of North American megafaunal species at the end of the Pleistocene [34, 96, 97] . Folsom toolkits were more diverse than their Clovis counterparts, commonly including large numbers of formal end scrapers [98] and occasionally ultrathin bifaces [99, 100] .
The chronological issue is even more complicated in the East as a result of the way the term "Clovis point" is defined [16, 64, [101] [102] [103] [104] . As opposed to in the West, there are a number of fluted forms in the East that some researchers identify as Clovis and others that they place in types such as Gainey or Bull Brook ( Figure 3) . As a group, the points date ca. 12,800-12,200 years ago, decidedly later than in the West [105, 106] , which is not unreasonable, given that fluting apparently began in the West and moved eastward (but see [107] ), either through the movement of populations or through down-the-line transmission among established populations (see Section 5) . Those eastern forms were followed by other fluted forms [69, 75, [107] [108] [109] [110] [111] [112] [113] [114] [115] [116] [117] [118] [119] (Figure 3 ) that persisted up to 12,000-11,800 years ago, placing them in the same chronological range as Folsom [105, 106] . 
Earlier Techno-Complexes
As widespread as components of the Clovis tool kit are, they apparently were not the first technological items to appear in North America. Here, I focus on three sites-Page-Ladson, Gault, and Debra L. Friedkin-that have produced reliable radiocarbon or optically stimulated thermoluminescence (OSL) ages in direct association with stone tools and by-products of tool manufacture.
Page-Ladson, located in a sinkhole in Florida's Aucilla River [120] , contained a few biface fragments and other pieces of stone in close association with the remains of mastodon, bison, and camelids [121] . The most significant stone tool was a small reworked knife fragment, which, based on seven radiocarbon samples collected immediately adjacent to it, dates to ca. 14,550 years ago, predating even the earliest Clovis dates in the western United States by over a thousand years. To confirm the age of the biface and to test that it was in an undisturbed context, a vertical series of 24 radiocarbon samples was taken from 1.1 m above to 0.6 m below the biface. The sequence of almost identical radiocarbon ages indicates that the tool was lying in undisturbed sediments.
Debra L. Friedkin is located in the floodplain of the Buttermilk Creek valley of central Texas, near a source of reliable water and high-quality chert [68] (Figure 4 ). Several cultural horizons are present at the site and are in correct stratigraphic order. The Clovis horizon is a 2.5-cm-thick layer of overbank sediment in which tools and by-products of manufacture and use were found, including three bifaces with overshot flake-removal scars, three channel flakes, and five blade segments. Overshot flaking is a method of thinning a bifacially flaked tool during manufacture, in which flakes struck from prepared edges of the tool travel across the face and remove part of the opposite margin. Experimental data demonstrate that the most parsimonious explanation for the production of overshot flakes is that they are accidental products created incidentally and inconsistently as knappers' attempts to thin bifaces [122] . Accidents or not, overshot flakes show up in Clovis assemblages, albeit in relatively low frequencies, and are often used to mark an assemblage as being Clovis in age. Below the Clovis horizon at Debra L. Friedkin is a 20-cm-thick layer containing stone tools and by-products of manufacture that represent repeated visits to the site and together define the "Buttermilk Creek Complex" ( Figure 5 ). Eighteen OSL ages in the range of 17,500-14,000 years ago were obtained from the layer, all but three of which overlap at one standard deviation. As a conservative estimate, Waters et al. [68] place the age of the Buttermilk Creek Complex as ca. 15,500-13,200 years ago (see [123] for a conflicting opinion on dates and context; see [124, 125] 
for rebuttals).
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Debra L. Friedkin is located in the floodplain of the Buttermilk Creek valley of central Texas, near a source of reliable water and high-quality chert [68] (Figure 4 ). Several cultural horizons are present at the site and are in correct stratigraphic order. The Clovis horizon is a 2.5-cm-thick layer of overbank sediment in which tools and by-products of manufacture and use were found, including three bifaces with overshot flake-removal scars, three channel flakes, and five blade segments. Overshot flaking is a method of thinning a bifacially flaked tool during manufacture, in which flakes struck from prepared edges of the tool travel across the face and remove part of the opposite margin. Experimental data demonstrate that the most parsimonious explanation for the production of overshot flakes is that they are accidental products created incidentally and inconsistently as knappers' attempts to thin bifaces [122] . Accidents or not, overshot flakes show up in Clovis assemblages, albeit in relatively low frequencies, and are often used to mark an assemblage as being Clovis in age. Below the Clovis horizon at Debra L. Friedkin is a 20-cm-thick layer containing stone tools and by-products of manufacture that represent repeated visits to the site and together define the "Buttermilk Creek Complex" ( Figure 5 ). Eighteen OSL ages in the range of 17,500-14,000 years ago were obtained from the layer, all but three of which overlap at one standard deviation. As a conservative estimate, Waters et al. [68] place the age of the Buttermilk Creek Complex as ca. 15,500-13,200 years ago (see [123] for a conflicting opinion on dates and context; see [124, 125] for rebuttals). Gault ( Figure 4) is located approximately 250 m upstream from Debra L. Friedkin. It too contains well-stratified deposits, including a 25-cm-thick Clovis component, which is underlain by a 65-80-cm-thick deposit of silty clay and fluvial gravel deposits that contains the "Gault Assemblage" [126] (Figure 6 ). The assemblage exhibits the technology for producing small stemmed or lanceolate projectile points as well as both a biface and a blade-and-core tradition. Large and small blades and tools made on blades are similar to, yet distinct from, Clovis tools. Bifaces are also similar in form to Clovis bifaces-specimens X and Y in Figure 6 , for example-but are smaller and technologically distinctive [126] . OSL dates place the minimum age of the Gault Assemblage (two standard deviations) at ca. 24,500-14,500 years ago, although the range in dates suggests that the site could have been inhabited one or two thousand years earlier. Gault (Figure 4) is located approximately 250 m upstream from Debra L. Friedkin. It too contains well-stratified deposits, including a 25-cm-thick Clovis component, which is underlain by a 65-80-cm-thick deposit of silty clay and fluvial gravel deposits that contains the "Gault Assemblage" [126] ( Figure 6 ). The assemblage exhibits the technology for producing small stemmed or lanceolate projectile points as well as both a biface and a blade-and-core tradition. Large and small blades and tools made on blades are similar to, yet distinct from, Clovis tools. Bifaces are also similar in form to Clovis bifaces-specimens X and Y in Figure 6 , for example-but are smaller and technologically distinctive [126] . OSL dates place the minimum age of the Gault Assemblage (two standard deviations) at ca. 24,500-14,500 years ago, although the range in dates suggests that the site could have been inhabited one or two thousand years earlier. 
Can We Find Clovis Progenitors?
For years, archaeologists assumed that much, if not all, of the Clovis technology was carried eastward across Beringia, and they combed the archaeological records of both Siberia and North America to find ties between Clovis and the Upper Paleolithic of northeastern Asia [127] . Results have been mixed at best, with no clear candidates [128] [129] [130] [131] [132] [133] . Aspects of eastern Beringian tool kits, including retouched blades and end scrapers, show up in Clovis assemblages, but microblades and 
For years, archaeologists assumed that much, if not all, of the Clovis technology was carried eastward across Beringia, and they combed the archaeological records of both Siberia and North America to find ties between Clovis and the Upper Paleolithic of northeastern Asia [127] . Results have been mixed at best, with no clear candidates [128] [129] [130] [131] [132] [133] . Aspects of eastern Beringian tool kits, including retouched blades and end scrapers, show up in Clovis assemblages, but microblades and microcores, which dominate eastern Beringian tool kits [134] , do not [127] . This situation, where there are similarities and differences, should not be unexpected, given that it seems unreasonable to assume that colonizing groups suddenly abandoned their entire technology and created a new one. Rather, we should expect significant overlap for some period of time. As a side note, the focus that American archaeologists have had on fluting has tended to obscure the fact that other technological aspects of stone-tool assemblages-Siberian, Beringian, and Clovis-have been overlooked, including the above-mentioned continuity in blade and end-scraper manufacture.
What about similarities between Clovis and earlier technologies in North America south of the Pleistocene ice sheets? Can we identify Clovis progenitors? Page-Ladson, the Gault Assemblage, and the Buttermilk Creek Complex date earlier than the commonly accepted dates for Clovis, but what, if any, is their evolutionary relationship to Clovis? Are they progenitors of Clovis, or could they, in fact, be very early Clovis assemblages that lack fluted points, either because of sampling error or the fact that fluting had not yet been invented? It seems highly unlikely that the small sample of radiocarbon dates for the Clovis period has captured the earliest or latest use of Clovis points [135, 136] in either half of the continent, which is not surprising, as the general expectation in archaeology and palaeontology is that most first-appearance dates are underestimates [102] . Taphonomic processes are such that the probability of a given first-appearance date being too young is high [136] . Thus, the case could be made that the Buttermilk Creek Complex is a very early manifestation of Clovis.
Prior to the reporting of the pre-Clovis Gault Assemblage in 2018, Jennings and Waters [137] compared technological and typological traits from Clovis-age material from Debra L. Friedkin and Gault to traits in the Buttermilk Creek Complex at Debra L. Friedkin. The two Clovis assemblages are significantly different from one another in a number of respects, including frequencies of large debitage and overshot flakes and relative counts of debitage types. Similarly, the Buttermilk Creek Complex differs from both Clovis assemblages in that it lacks fluted points, bifaces with overshot flaking, blade cores, and retouched blades. Conversely, it resembles Clovis in terms of six of 10 characteristics that Jennings and Waters identified as often used to define Clovis. In general terms, Clovis and Buttermilk Creek Complex tool makers both used bifacial reduction, manufactured blades and bladelets, and reduced discoidal cores ( Figure 6 ). Similarly, both produced a number of tool forms, including bifacially flaked points and chopping tools. In addition, the size of Clovis blades and bladelets (not to be confused with arctic microblades [134] ) overlapped with those from the Buttermilk Creek Complex, which suggests similar reduction goals [137] .
In terms of assemblage similarities and differences, Haynes [137] notes that the differences might mean that the Buttermilk Creek Complex is not a variant of Clovis, but, conversely, perhaps the similarities mean that it is technologically related to Clovis, perhaps a direct ancestor that lacks fluting. Similarities between the pre-Clovis Gault Assemblage and the Buttermilk Creek Complex suggest that they might both be ancestral to Clovis. With respect to the Buttermilk Creek Complex, Waters et al. [68] , (p. 1601) think a good case can be made that it is ancestral to Clovis: "The Buttermilk Creek Complex tool kit-bifaces made through core reduction including end thinning, a lanceolate-like preform, a discoidal core, blades, bladelets, radially broken tools, a variety of edge-modified tools (notches, gravers, and scrapers), and ground hematite-also provides an ancestral assemblage from which the biface-and blade-dominated Clovis tool kit could have evolved." In any case, in assessing similarities and differences between the two assemblages, we need to keep in mind the considerable difference in OSL age ranges for the two, with the Gault Assemblage apparently being considerably older than the Buttermilk Creek Complex.
Of considerable importance is the fact that archaeogenetic data support the possible presence of a pre-Clovis population in the interior of North America-or, more precisely, a population that is older than the commonly used dates for Clovis. I noted earlier that archaeogenetic data supported the origins of North American populations as being in eastern Beringia as opposed to western Europe [9, 11, 12, 14] , but it was the analysis of a male infant from the Anzick site in Montana that provided some of the most important information [15] . The remains of the infant date ca. 12,700-12,600 years ago and were recovered with Clovis tools. Genome sequencing showed that the gene flow from a Siberian Upper Paleolithic population [13] into ancestors of Native Americans was also shared with the Anzick 1 infant. In other words, the infant belonged to a population directly ancestral to contemporary Native Americans. There also was clear evidence of a deep divergence in North American populations that predated the Anzick infant, perhaps by as much as several thousand years.
The Elusive Origins of Fluting
Fluted points occur in the Alaskan Arctic, alongside a number of nonfluted forms, but it is becoming clear that fluting technology arrived in the Arctic from the south, carried by established populations moving northward through the ice-free corridor [63] . Thus, it appears that any early signs of fluting will come from temperate North America, but to date, it has not been recognized as such (but see below). With respect to pre-Clovis projectile points, the Gault Assemblage, as we saw, comprises both small stemmed and lanceolate projectile points, but neither it nor the Buttermilk Creek Complex contains evidence of fluting, in terms of either finished pieces or by-products of the fluting process.
The lack of a clear Clovis-point progenitor suggests that fluting in its full or near-full form (see below) appeared suddenly on the Southern Plains [16, 64] . In evolutionary terms, fluting was an adaptation, defined as a trait that is under selection. In everyday terms, selection is used as a synonym for choice, but in biology and the behavioral sciences, the term refers to the differential survival and reproduction of individuals within a population that results from phenotypic differences among them. We can also move down a level and examine the effects selection has on the rise and decline of specific phenotypic traits. This examination is based on the proposition that items in the archaeological record are parts of human phenotypes in the same way that skin and bones are, and as such they are capable of yielding data relevant to understanding both the process of evolution and the specific evolutionary histories of the individuals who possess the traits [138] .
Often misunderstood is the fact that selection is a creative process and not a negative force, meaning that it constantly reshapes the pool of available variants by recombining traits and by turning inventions-the cultural equivalents of mutations-into innovations. Traits that affect fitness-those under selection-are termed functional traits. Some functional traits will grow slowly in a population and then decline as they are replaced by competitors, whereas others will display discontinuous, multimodal frequency distributions as a result of convergence. In the latter case, unrelated groups find similar solutions to similar problems-they "converge" on the same peak on a fitness landscape [139] . The archaeological record is rife with examples of convergence-Clovis points and Paleolithic Solutrean points from western Europe, for example [140] . Still other functional traits will display an S-shaped curve that has a small left-hand tail, followed by a steep upward turn that reflects an exponential growth in popularity, and then a leveling off as the trait saturates the population, as fluting did over much of North America.
With respect to complex technological systems (CTSs)-and Clovis points fall in that categorytwo highly interrelated processes can play important roles in the trajectories of functional traits [141] . One is stimulated variation [142] , defined as an increase in invention resulting from changing selective conditions-literally a "burst of variation." The other is cascading [143] , defined as sequential spurts of invention that occur through the recognition of emergent performance problems in a CTS. Here, perceived deficiencies create a rapid pile-up of new variants resulting from attempts to overcome the deficiencies. In other words, cultural traits realign into new recipes [144] and replace less-efficient variants.
In evolutionary terms, variants that have the potential of taking on new, unrelated functions-as feathers did in birds-are called exaptations [145] . With respect to fluting, can we find evidence of manufacturing stages that were exaptations-stages that, with a little more development, turned into fluting? Often, the intensification of a function is all that is required for a structure to be able to take on a new function. The crucial factor in the acquisition of most evolutionary novelties is a shift in behavior [146] , coupled with, especially in the case of humans, "attentive observation and practical, daily application" [46] , (p. 2). Perhaps incipient basal thinning, undertaken to reduce the longitudinal thickness of a biface-what Bradley [110] refers to technological fluting-underwent a significant series of changes in structural function, equivalent to Schiffer's [142] "stimulated variation." Eventually, it came under strong selection, which then led to full bifacial fluting-Bradley's [110] morphological fluting-a case of Schiffer's [143] "cascading."
The apparent suddenness with which fluting appeared on the late Pleistocene landscape is not an unexpected technological development for a group entering an unfamiliar world, where its individuals undergo rapid changes in order to adapt. As Werner et al. [42] point out with respect to proximal-lateral grinding of hafting elements on Clovis and other early points, understanding the role of fluting contributes to the overall picture of the degree to which colonizing hunter-gatherers, who were dealing with unfamiliar, and perhaps dangerous landscapes, built fail-safe mechanisms into their hunting equipment. Selection works most strongly, and hence is most visible, not during normal times, but in the face of emergencies. In normal times, the distribution of functional traits is bell-shaped, with stabilizing selection continually clipping off the tips of the tail to keep the distribution from moving too far in either direction from the mean. However, in the face of an emergency-for example, moving onto a landscape that is totally different from the one you just left-directional selection can take over and push the distribution in one direction or the other. This translates into the sharply rising cumulative S-curve mentioned above, where you have a limited number of early adopters, followed by a sudden increase in popularity, followed by a leveling off, which signifies saturation. One can see this happening fairly rapidly in the case of Clovis groups, as they moved eastward along the southern edges of the ice sheets, abandoning components of a tool kit that no longer were optimal and creating new technologies based on a pile-up of trait variants that we are only beginning to recognize in the archaeological record [141] .
An important point to keep in mind is that despite the fact that I refer to fluting as an adaptation, this does not imply that selection was the only evolutionary process that affected its life history. It is not hard to imagine, for example, that a small population that innovated fluting was the ancestor of a continent-wide migratory pulse across a largely unpopulated continent. Thus, cultural drift could have played an equally significant role in the distribution of fluting.
The Spread of Clovis
If fluting arose in the Southwest around 13,400 years ago, and if the earliest dates for Clovis in northeastern North American are some 600 years later, can we infer a mechanism or mechanisms for its spread? Researchers have used modeling to track not only the routes of Clovis transmission but the speed at which it occurred [62, 108, [147] [148] [149] [150] , but yet to be worked out are the forms of transmission that took place in particular contexts. The difference in age could be a result of an eastward expansion of population [66, 151] . An alternative proposal, based on a more restricted radiocarbon-based time span for Clovis-perhaps on the order of 200 years, ca. 13,000-12,800 years ago [16] or 400 years, ca. 13,000-12,600 years ago [64] -is that Clovis spread through rapid transmission of technological knowhow among groups that had resided in North America for some period of time. Distinguishing between the two in the archaeological record is problematic only where there is evidence of a spread of a novel trait into a region that has evidence of a population already in place. In cases where there is no evidence of a pre-existing population, the process must have been demic, as only an immigrant population could have introduced the trait into the region [78] . Given the evidence for pre-Clovis populations in parts of North America, either or both processes could have been responsible.
Stone-reduction sequences are complex procedures that require a significant amount of investment in terms of time and energy to learn effectively [152] . The production of a Clovis point-what I referred to above as a complex technological system-is no exception [26] . Fluting can be a challenging technology to master. Fluting occurs after a point is already thinned to approximately 7.5 mm [47] , with failure rates (breakage) among highly skilled knappers in the 10%-20% range [153] . Several studies have shed considerable light on the learning processes involved not only in the transmission of knowledge for manufacturing Clovis points but also in the reinforcement of learning that took place over generations. Central to this reinforcement was the presence of outcrops of highly siliceous stone, such as chert, which were mined for the raw materials that were then shaped into tools. Archaeological evidence from across North America indicates that outcrops were hubs of regional Clovis activity [26, 39, 63, 68, 154] . For a thinly scattered, mobile population such as Clovis or its immediate descendants, outcrops would have acted as ideal meeting spots because, once found, they would have served as predictable places on an emerging mental landscape map [155] [156] [157] [158] . Relative to learning practices, Sholts et al. [39] proposed that outcrops were where Clovis knappers from different groups could observe the tools and techniques used by other knappers, leading to the sharing of technological information. This created a standardization in flaking patterns across the continent, with no evidence of diversification, regional adaptation, or independent innovation [39, 149] .
Conversely, the shape of Clovis points is highly variable across the continent, with basal concavities in general becoming deeper to the north and northeastern portions of North America. Some studies (e.g., [159] ) have indicated that Clovis groups adapted their hunting equipment to the characteristics of prey and local habitat-a case of selection-whereas other studies (e.g., [67, 160] ) have suggested that any variation is attributable to stochastic mechanisms, such as copy error or drift. Figure 7 plots the differences among a sample of 241 Clovis points [159] in terms of relative warps, or principal components, of shape variables, by region. In the study that produced that plot, only Clovis points recovered from unmixed contexts were used. Literally thousands of isolated, surface-collected Clovis points have been found across North America (see later discussion), but they can be problematic because they are necessarily distinctive, meaning that certain morphological features caused them to be picked up in the first place. As a result, they should tend to be less morphologically variable than those found in point assemblages.
Overlap among the regions is evident, but points from the West (red circles) are less variable than those from the East (green circles), particularly along the second relative warp. The wireframes show deformation from the consensus configuration at the ends of each axis to illustrate the Clovis shape space, which is defined along the first relative warp (horizontal axis) by elliptical blades with deeply concave bases at the left, represented by a point from the Mid-Atlantic (Pennsylvania), and by more linear blades with shallow, rounded concave bases to the right, represented by a point from the Northwest (Idaho). Along the second relative warp, shape space is defined by lanceolate blades with straight bases at the upper end, represented by a point from the Southwest (Arizona), and more deltoid blades with deep concave bases at the lower end, represented by a point from the Northeast (Maine). Significance tests showed that in the East, points from the Northeast were significantly different from those from the Mid-Atlantic, Great Lakes, and Midcontinent. This is perhaps not surprising, given that the Northeast apparently was the last region to see colonization by Clovis or slightly later groups, following the retreat of Pleistocene ice from the region around 12,800 years ago or slightly later [161, 162] . Based on the results from several studies [39, 149, 159] , it has been suggested that Clovis foragers engaged in two tiers of social learning [163] . The ancestral tier relates to how points were produced, and it reflects more uniformity across space-what can be labeled as conformist transmission [39] , which is a kind of learning in which agents copy the most frequent variant(s) they encounter [164] . This learning is sometimes referred to as frequency-dependent copying. With respect to Clovis, groups were still socially connected across large regions of North America and directly transmitting technological knowledge, and perhaps finished items as well, to each other-again, perhaps at outcrops-which resulted in low interregional variation in how points were being flaked. Conversely, the derived tier of social learning relates to point shape, and it exhibits considerably more interregional variation [149, 159] (Figure 7 ), which resulted from individual groups spending more time at different stone-outcrop hubs. Perhaps it should not be surprising that Clovis shape and Clovis flake-removal patterns would be driven by different learning and transmission processes [149, 165] . Flaking patterns are a form of "structural integrity," in which key components are more conservative and therefore less likely to change relative to other components.
Within a few hundred years, however, even the ancestral process had collapsed, and there appeared increasing variation in how fluted points were flaked [166] . Perhaps the increase in variation represents a time-transgressive shift, during which Clovis interaction and the direct transmission of knowledge responsible for consistent flaking techniques was on the decline [166] . In other words, once Clovis groups began settling down and, as a result, encountered other groups on a more limited basis, even the conservative aspects of point manufacture-the structural integrity- Based on the results from several studies [39, 149, 159] , it has been suggested that Clovis foragers engaged in two tiers of social learning [163] . The ancestral tier relates to how points were produced, and it reflects more uniformity across space-what can be labeled as conformist transmission [39] , which is a kind of learning in which agents copy the most frequent variant(s) they encounter [164] . This learning is sometimes referred to as frequency-dependent copying. With respect to Clovis, groups were still socially connected across large regions of North America and directly transmitting technological knowledge, and perhaps finished items as well, to each other-again, perhaps at outcrops-which resulted in low interregional variation in how points were being flaked. Conversely, the derived tier of social learning relates to point shape, and it exhibits considerably more interregional variation [149, 159] (Figure 7 ), which resulted from individual groups spending more time at different stone-outcrop hubs. Perhaps it should not be surprising that Clovis shape and Clovis flake-removal patterns would be driven by different learning and transmission processes [149, 165] . Flaking patterns are a form of "structural integrity," in which key components are more conservative and therefore less likely to change relative to other components.
Within a few hundred years, however, even the ancestral process had collapsed, and there appeared increasing variation in how fluted points were flaked [166] . Perhaps the increase in variation represents a time-transgressive shift, during which Clovis interaction and the direct transmission of knowledge responsible for consistent flaking techniques was on the decline [166] . In other words, once Clovis groups began settling down and, as a result, encountered other groups on a more limited basis, even the conservative aspects of point manufacture-the structural integrity-began to dissolve [149] . The resulting regionalization, especially in eastern North America, produced a multitude of morphologically distinct unfluted and fluted forms (Figure 3) , reflecting a "relaxation in the pressure to maintain contact with distant kin, a reduction in the spatial scale and openness of social systems, and a steady settling-in and filling of the landscape" [33] , (p. 286). If those diverse type forms are proxies for populations, then they should be useful for tracking various groups that budded off and started moving to the Northeast and Southeast, encountering what perhaps were new fitness landscapes, complete with never-before-scaled fitness peaks and requiring a new mix of individualand social-learning strategies.
Conclusions
As the other papers in this issue make clear, the impacts that human populations have had on North America throughout the terminal Pleistocene and Holocene have been heterogeneous, with the severity of the impacts being highly dependent on time and place. Additionally, these impacts have been influenced by a wide range of factors, including biogeography, immigration and migration, and climate change. Colonizing groups that arrived on the continent 15,300-14,300 years ago found a landscape dissimilar to the one they had previously occupied in Beringia and western Alaska. Beringia at the end of the Pleistocene was a steppe environment, including a mesic environment in southern Beringia [4, 167] . A shift to warmer/wetter conditions in Beringia between 14,700 and 13,500 years ago, which was associated with the early Bølling/Allerød interstadial, could have led to groups moving east into western Alaska [168] . Retreating glaciers would have opened up new habitat on the northwest Pacific Coast and the western interior of Canada-the ice-free corridor-both of which could have lured the fast-growing Beringian population into mid-latitude North America and farther south into South America [169, 170] .
The landscape that colonists found once they moved eastward into unglaciated parts of North America was an immense grassland that fed animals that still inhabit the Great Plains, in addition to extinct fauna, including the Columbian mammoth and giant bison. At some point around 13,400 years ago, a new toolkit appeared-the hallmark of which was the fluted projectile point-and within a few hundred years had spread across the Plains and made its way eastward. How much of the spread was demic diffusion (movement of people) as opposed to cultural diffusion (movement of ideas) is unknown. Regardless of mode, diffusion was rapid, perhaps on the order of 5-8 km per year [66] -a not unreasonable estimate in light of the colonization being driven by high rates of residential mobility [171] that resulted from the large hunting region that a primarily carnivorous diet required. On the Plains and in the Southwest, where Clovis hunters targeted a host of mammalian fauna, including megafauna, diffusion rates might have been faster than in the East. In western regions, initial hunting return rates would have been high, but regeneration rates of megafaunal prey would have been very slow [66] , meaning that groups had to continually expand their range. It is not unreasonable to expect that the carriers of Clovis technology would have encountered resident groups as they expanded their range and passed on the technological knowhow of how to produce a fluted point.
By around 12,000 years ago, with perhaps a few exceptions, North America south of the retreating ice sheets had been colonized. By that I mean that the major physiographic regions of the continent had witnessed human groups using them, even if only intermittently. The sheer number of fluted points that have been recovered from across North America, especially in the East (Figure 8) , by collectors and amateur and professional archaeologists-literally tens of thousands of points-attests to a rapid filling in of the continent by a fast-moving population. It would be the descendants of this population-alongside descendants of groups that migrated from Asia at later dates-whom Europeans would eventually encounter, beginning with the Norse late in the 10th century AD, followed in the 15th century by the Spanish and then by the French, English, and Dutch. Funding: This research received no external funding.
